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INTRODUCTION 23
The ankle is involved in approximately 30% of all sports related injuries, making it amongst 24 the most frequently injured joints during athletic activity (16). Sprains are the most frequently 25 occurring ankle injury, with up to 85% involving the lateral ligament complex (16). These 26 injuries generally occur when the foot is placed into excessive plantarflexion and inversion 27 (16). Additionally, ankle sprains are associated with particular chronic injuries including 28 ankle instability and osteoarthritis (14) . Literature has proposed several modifiable risk 29 factors for initial ankle sprains, including; isokinetic strength (19) , joint position sense (6, 20, 30 28) , postural stability (32) and functional movement (20) . Subsequently, the screening of risk 31 factors has become common practice in the assessment of ankle joint function, with a variety 32 of tests used to replicate the multifactorial nature of ankle injury occurrence (5) . 33
Adhesive rigid tapes or ankle braces have often been used in an attempt to reduce ankle 34 injury incidence (15, 29, 33, 36) , via mechanical restriction of ankle range of motion (11). 35
However, results surrounding the effectiveness of traditional taping do not support its use in 36 reducing ankle injury incidence in healthy populations (29, 36) or when compared to other 37 intervention such as low top shoes and ankle semi-rigid braces (29, 33, 36) . Traditional white 38 tapes have also been shown to negatively affect vertical jump performance and tasks which 39 require plantarflexion (8, 36) . When applied to the ankle complex, studies have demonstrated 40 white tape to potentially enhance injury risk at anatomical locations more proximal in the 41 kinetic chain, due to excessive unnatural talocrural joint movement restriction and altered 42 knee joint kinematics during functional tasks (36). Furthermore, traditional white tapes have 43 also been shown to lose their effectiveness after as little as 15 minutes of soccer-specificM A N U S C R I P T
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researched ETT is Kinesio™ Tape (KT). Kinesiology tape is made from 100% cotton, latex 48 free, elastic and heat-activated adhesive tape, designed to mimic the elasticity of a healthy 49 muscle, allowing for a stretch of up to 140% of its original length. The ability for the KT to 50 increase in stretch is purported to exert a pulling force to the skin (18) , providing greater 51 mechanical support and proprioceptive ability via stimulating mechanoreceptors and muscle 52 activation patterns (34). Kinesiology tape has been reported to improve athletic performance 53 via various methods including, enhanced proprioception, increased muscle activation, 54 improved muscle strength, alteration of perception of exercise and pain alleviation (23) . 55
When compared to traditional white tapes, KT has demonstrated inconclusive findings, for 56 example, in one study postural stability was shown to be improved following a of localized 57 fatigue protocol (13), whereas another study identified limited tape application benefits in 58 relation to fibularis longus activity during sudden inversion perturbation (9). Furthermore, 59
equivocal findings have been reported regarding range of motion (2, 37), strength (2, 29) 60 proprioception (6, 18, 21, 27) postural stability (15, 32) and functional performance (8, 32) . 61
Additionally, systematic reviews (7, 30 39 ) have identified no significant clinical effects 62 when KT is applied, whilst highlighting a lack of high standard randomized clinical trials to 63 support the proposed benefits of KT. 64
The popularity of ETT amongst practitioners has led to different variations such as 65 RockTape™ (RT) being manufactured. RT alleges to have a greater degree of stretch 66 (~180%) and a superior adhesiveness when compared to other ETTs (26) . However, to date, 67 limited studies have investigated the effectiveness of RT (28) , with no studies comparing the 68 efficacy of different variations of ETT. Due to the limited and equivocal nature of previous 69 research, it is necessary to determine the efficacy of different variants of ETT onM A N U S C R I P T
multifactorial tests designed to replicate the diverse and complicated etiological mechanisms 71 of ankle injury occurrence. It was hypothesized that ETT would significantly improve ankle 72 joint performance during specific screening tasks when compared to the NT condition. A 73 secondary hypothesis stipulated that the magnitude of performance improvement would vary 74 dependent upon the variation of ETT used, with RT hypothesized to provide increased 75 magnitudes of improvement due to the increase in stretch afforded and greater adhesive 76
properties of the acrylic part of the tape, when compared to KT. 77
METHODS 78
Experimental Approach to the Problem 79
This current study consisted of a repeated measures design to investigate the effects of which it was performed and conformed to the Declaration of Helsinki. Written informed 100 consent was provided by all participants before the start of data collection. 101
Procedures 102
Subjects attended the university laboratory on four occasions to complete a familiarization 
ETT Application 119
All ETT application preparation conditions were followed according to kinesio taping 120 guidelines (23) . Subjects were taped using a corrective application technique (see Figure 1 ) in 121 accordance with application guidelines (18) , by a certified kinesio taping practitioner. The 122 subject lay supine on a plinth, with the first strip of tape placed from the anterior mid foot 123 stretched over the tibialis anterior at approximately 115-120% stretch of its maximal length, 124 attaching distal to the anterior tibial tuberosity. The degree of stretch was determined 125 according to the expertise of the practitioner using guidelines outlined by Kase et al (17) 126 regarding maximal available stretch (100%) being 40% of the overall KT length. 127
Subsequently, to achieve a 120% stretch of maximal ETT length, a 10cm strip would result in 128 ETT length being 10.8cm for application. The 20% manual stretch was applied only to the 129 middle third of the ETT strip, with no tension applied at the ends (23) . The second strip 130 began proximal to the medial malleolus, wrapping around the heel like a stirrup, attaching 131 lateral to the first strip of tape. The third strip stretched across the anterior ankle, covering 132 both the medial and lateral malleolus. Finally, the fourth strip originated at the arch and 133 stretched slightly, measuring 5 inches above both the medial and lateral malleolus. At this 134 point testing was delayed for a period of 25 minutes to allow the tape to gain its full adhesive 135 strength (26) . associated with an increased ankle sprain incidence, whilst also being crucial for 141 rehabilitation treatments (24) . JPS was assessed using an isokinetic dynamometer (IKD) 142 (Biodex Medical System 2, Shirley, New York), with all subjects positioned in accordance 143 with manufacturer guidelines. To reduce all feedback other than internal proprioception, 144 subjects were blindfolded whilst the barefoot of the dominant limb was aligned with axis of 145 the dynamometer and attached to the footplate by a small wrap (28) . Subjects were permitted 146 three familiarization trials for this test (28) . Two target positions were tested, 15° of inversion 147 (θ 15 ) and maximal active inversion minus 5 degrees (θ M ), with three repetitions interspersed 148 with 30 seconds rest provided. Subjects were passively moved into the desired target position 149 for a period of 5 seconds, before being passively returning to anatomical neutral. The 150 participant then actively moved their dominant foot to what they perceived to be the desired 151 testing position at which point they pressed a stop button. Absolute error scores were 152 recorded as the difference between the actual position the subject is asked to achieve and the 153 position they move their ankle to when asked to replicate the original position. 154
Biodex Stability System (BSS) 155
The Biodex Stability System (BSS) (Biodex Medical Systems, Shirley, NT, USA) is a 156 popular method of assessment (3), evaluating measures of postural stability, moving in 157 anteroposterior (AP), mediolateral (ML) and overall direction (OSI) (4). Subjects stood on 158 their dominant barefoot whilst centering a visual stimulus on an electronic screen directly in 159 front of them, upon which the subject's foot co-ordinates (vertical and horizontal) were 160 recorded and inputted into the BSS. During the familiarization laboratory visit, participants 161 were permitted five practice trials to familiarize themselves with the test (4) For the current 162 study, the BSS was set to an unstable level 2 setting (34), with participants asked to maintain 163 their balance on their dominant foot for a period of 10 seconds. During data collection, one
training test was provided to minimize a potential learning effect, followed by three 165 consecutive trials with 10 s rest between each test provided. The mean of the three tests was 166 calculated and considered the result (4). The BSS was utilized to objectively record and 167 evaluate Overall Stability Index (OSI), which is a function of the variance of platform 168 displacement in both the A/P and M/L planes of movement. 169
Drop Landing 170
Subjects were required to step off and land on the dominant barefoot from a 35cm high 171 platform, positioned to ensure landing was centered on the force platform (Bertec, Columbus, 172 USA) (10). Upon landing players were required to react to a light stimulus, triggered by 173 subjects moving through an infra-red beam and accelerate through a set of timing gates 174 
Postural Stability 218
As highlighted in Table 1 OSI demonstrating no significant (P = 0.32) condition effect, 219
indicating that ETT application neither hindered nor improved performance during this task 220 (KT = 1.06 ± 0.30°; NT = 1.09 ±0.38°; RT = 1.10 ± 0.29°). Similar observations were noted 221 for measures of AP (P = 0.37) and ML (P = 0.12), with both indices demonstrating no 222 significant condition effects. Intra Class Correlation (ICC) scores of 0.89 were recorded for 223 OSI, demonstrating excellent levels of reliability 224
Drop Landing 225
Functional drop landing task results are highlighted in Table 1 The purpose of this study was to investigate the relative efficacy of different variations of 238
ETT on multifactorial tests designed to examine ankle function. ETT in the form of RT and 239
KT demonstrated significant and beneficial improvements in measures of proprioceptive 240 performance, when compared to NT. JPS was used as the primary measure as it has been 241 shown to be the most commonly used test to assess proprioception in most body regions (27) . 242
Previous research surrounding proprioceptive tasks has produced equivocal findings (6, 22, 243 35). This may be due to the variety of proprioceptive tasks available for researchers to select 244 from, making it difficult to compare results across studies (7). The results are however similar 245 to previous findings conducted using similar methods (22, 35) soccer players may not achieve improved performance in functional skills such as postural 263 stability through the application ETT, due to the superior attributes they already possess when 264 compared to other sports (25) and the general population. Practical implications of these 265 findings suggest that within this particular healthy population, it may be difficult to further 266 improve postural stability levels, subsequently implying that strength and conditioning 267 sessions could focus on areas which have greater scope for improvement 268
When compared to the NT condition, RT was the only variation of ETT to display improved 269 performance during the proprioceptive (ϴ 15 ), and time to complete task (T) drop landing test. 270
ETT brands are developed from cotton, polyurethane synthetic fibres and hypoallergenic 271 thermoactive acrylic adhesives. However, variations in ETT exist due to differences in the 272 manufacturing process, with manufacturers claiming that their materials enhance both tension 273 and the adherence to skin, to provide greater tissue stimulation. Improved performance during 274 proprioception tasks may be a result of RT purporting to possess improved adhesive qualities 275 when compared to KT. This increase in skin adhesion is alleged to produce enhanced 276 proprioceptive capabilities via the stimulation of skin cutaneous mechanoreceptors (18) . This 277 greater degree of adhesion could allow RT to provide increased tactile contributions, creatingM A N U S C R I P T
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believed to optimally align joints and improve range of motion (1, 8) . If RT application helps 280 to properly align the ankle joint, practitioners could expect improved coordination and 281 movement (27) , thus reducing the time taken to complete (T) the drop landing task, whilst 282 also improving measures of proprioception and postural stability. 283
284
When examining the secondary hypothesis, data from the current study suggests that RT 285 produced significantly improved performance when compared to KT during proprioceptive 286 (Θ 15 ) and time taken to complete the drop landing task. Furthermore, during end range 287
proprioceptive tasks (Θ M ), RT was the only ETT to exceed the MDD, suggesting that it 288 exceeded the minimum amount of change required to exist between independently obtained 289 scores for the change to be deemed significant. The authors hypothesise that this may be a 290 result of the different adhesive properties used by RT when compared to KT. These findings 291 suggest that in a healthy trained soccer population, medical and performance staff may 292 potentially advocate the use of RT instead of KT during proprioceptive and functional 293
performance as RT appears to facilitate greater and more practical improvements. It should 294 also be noted that, neither variation of ETT demonstrated inhibitory effects when applied to a 295 healthy ankle joint, suggesting that sport support staff can recommend the use of ETT with 296 confidence that athletic performance will not be impaired. We wish to confirm that there are no known conflicts of interest associated with this publication and there has been no financial support for this work that could have influenced its outcome.
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